composed of all the valence electrons of the specimen. In this case, the electrons of the metal are coupled via the photon gas; their actions are not completely independent. Such a situation is not the case in the usual photosynthetic system; equilibrium or quasiequilibrium ideas may not be applied. In this situation each photosynthetic event is completely independent of the other events taking place at other sites in the material.
Although in such a complicated system as the photosynthetic unit there could conceivably be a number of events which would use up the electronic energy imparted by photon absorption (such as fluorescence, radiationless transition, etc. It has been established that the enzymes phosphoenol-pyruvate (PEP) carboxylase (reaction i), PEP carboxykinase (reaction ii), and malic enzyme (reaction iii) are widely distributed in plants (3, 9, 16) and are present in tissues capable of an active dark CO, fixation (8, 17) .
The finding (9) that malic acid and aspartic acid are early products of dark CO, fixation is in accord with the operation of these enzymes during organic acid accumulation. The question of which of these enzymes is operative during acid accumulation is unresolved (9, 17) (11) . The slices were placed in KHC1403 and 0.05 M KH2PO4 buffer pH 7.2. The reaction was stopped with boiling 80 % ethanol. The slices were then extracted successively with 80 %, 50 %, and 20 % ethanol and the combined extracts were concentrated under reduced pressure at 40 C. The dry residue was washed with ether, dissolved in water, and passed successively through 1 cm columns containing 6 cm Dowex 50 (X8) in the hydrogen form and 6 cm Dowex 1 (X8) in the formate form. The amino acids were eluted from the Dowex 50 resin with 50 ml 1 M NH40H. The acidic fraction was eluted from the Dowex 1 resin with 50 to 60 ml 8 N formic acid. The radioactivity of the fractions was determined by transferring 0.5 ml aliquots to nickel plated planchets and counting on an aluminized mylar gas flow counter.
For chromatographic resolution of the acidic fraction, the eluate was dried under reduced pressure at 40 C. The residue was then dissolved in 0.5 ml water. This was applied to paper and the components were separated with butanol-propionic acid-water [equal volumes of (1) 
RESULTS

FORMATION OF SUCROSE FROM MALATE IN VIVO.
It is already known that castor bean endosperm tissue, like that of other seedlings rich in fat is able to fix CO., into the carboxyl groups of organic acids, prepon(lerantly malic, in the dark, and that sucrose, with C14 largely confined to carbons 3 and 4, emerges as the principal product of the fixation (12, 13) . In order to demonstrate that the tissue is indeed capable of forming sucrose from malate, endosperm slices were exposed to HC140', in two types of experiment. In the first, samples were withdrawn at intervals and the C14 incorporation into organic acid, amino acid, an(l neutral fractions was determined. The results are shown in figure 1 . From this it is clear that incorporation into organic acids (& amino acids) is a primary event and that the form of the curve for C14 in sugars is that expected if they had arisen in a subsequent reaction with the organic acids acting as precursors. In view of the suggestion that PEP is an intermediate in these reactions, it is significant that a minor component of the C1409 incorporated into the acid fraction was identified by chromatography and co-chromatography as PEP-C14. In a further experiment, it was shown that when slices which had been exposed to HC140'3 for 10 minutes were transferred to water, the C14 in the acid fraction decreased during the subsequent 6 minutes and there was a corresponding increase in the C14 content of the sugar fraction. The above relationships would hold true if sucrose was being synthesized from malate (with C14 in the carboxyl groups) by reactions wvhich included a single decarboxylative step and a reversal of glycolysis.
PHOSPHOENOL-PYRUVATE PRODUCTION IN CYTO-PLASMIC PARTICLES. Mitochondria from castor bean endosperm are known to be able to carry out the reactions of the TCA cycle (5) and to produce ATP efficiently during the oxidation of a-ketoglutarate (1) . The ability of such particles to pro(luce PEP under these conditions was demonstrated by incubating with a-ketoglutarate, ADP, and KH2,P0324. The radioactive compounds were isolated from the incubation mixture by the barium-alcohol precipitation metlhod and chromatographed. The P32-phosphate ester which showed up as a clear band running ahead of the other p32 labeled products was eluted and cochromatographed with known PEP. The two compounds coincided nicely. This suggests that ATP32 generated during the oxidation of a-ketoglutarate had reacted with oxalacetate to produce PEP. 
DISCUSSION
In germinating castor beans the reactions of the glyoxylate cycle when coupled to the production of acetyl CoA from the fatty acid spiral convert fatty acids to malate and then to sucrose (6, 7) . The results presented in this paper show that PEP carboxykinase is present in extracts from this material, so tlat it is now reasonable to invoke the action of this enzyme in the sequence by which malate is converted into a glycolytic intermediate and thence to sucrose. The demonstration that radioactive PEP is one of the early products of dark C1402 fixation and the production of PEP32 from a-ketoglutarate and ATP32 in the cytoplasmic particles is in accord with the operation of these enzymes in the castor bean endosperm. By studying the combined reactions of PEP carboxykinase and PEP carboxylase it has been shown that given the necessary conditions such as sufficient substrate and ATP, the PEP carboxykinase reaction is easily reversed in the direction of PEP formation from oxalacetate.
It will be noted that in addition to possessing the mechanism bringing about a net synthesis of oxalacetate from acetyl units, tissues such as the endosperm of the germinating castor bean generate reduced flavins and pyridine nucleotide in the act of
